ABSTRACT
INTRODUCTION
Radiation with a wide range of applications has improved the life of human beings. However, it also causes a variety of diseases. The International Commission on Radiological Protection (ICRP) created and distributed international guideline for the purpose of minimizing the harmful effect of radiation and promoting the safe use of radiation (1) .
In recent years, the medical #ield is making a lot of efforts to minimize the radiation exposure of patients by improving signi#icantly the perception as to the harmful effects of radiation (2) (3) (4) (5) (6) . On the aspect of hardware, computed tomography equipment was developed as it substantially reduced the scan time (7, 8) . On the aspect of software, the degree management system on radiation generation equipment has been settled successfully. As a result, the user-centric radiation test and treatment action was changed to the patient-centric action with the purpose of reducing the amount of radiation exposure (9) (10) (11) (12) (13) .
As the role of a radiologist is gaining more importance as a health professional, it is very important for a radiologist to obtain expert knowledge as to the specialized #ield of study in terms of saving the life of a patient. Moreover, it is equally important to conduct safety management for themselves (14) . To this end, radiologists should complete the segmented and systematic education programs provided by the government since 2014 pursuant to the amended nuclear safety law rather than simply taking a general education program provided by companies. Thus, all radiologists should complete the education for radiation professionals for a certain period, which include such preliminary education as safety management in accordance with the use of nuclear facilities, handling of radioactive substances, defense of radiation obstacle, education on the characteristic of companies and relevant laws on radiation safety.
However, it is imperative to prepare more segmented education programs rather than to conduct education a program without considering gender, age, education level and work function in order to make the education program for radiation professionals conducted by the legislation becomes more teleological education. Thus, there have been several studies that conducted a survey on the knowledge level and safety management attitude of radiation professionals (15) (16) (17) (18) . However, these studies have not considered the fact that the functions and roles of today's radiologists are segmented. Moreover, these studies have not analyzed in depth the perceptions and actions of radiologists as to safety management. Therefore, this study aims to provide preliminary data for the con#iguration of segmented education programs by analyzing the differences in radiation knowledge in accordance with the three work functions of radiologists (image medicine, radiation cancer study, nuclide medical study), region (Seoul, Gyeonggi-do and other provinces) and work experience from the perspective of service quality. To this end, this study developed 15 questions that measure the information and knowledge that radiation professionals who have aforementioned three work functions must know as a health professional and 10 questions each for the perceptions and actions based on the previous studies (19, 20) . The main purpose of this study is to compare the differences as to the radiation knowledge and ' perception-action' in accordance with the three work functions and locations of workplace of related professionals. This study is expected to contribute to the provision of preliminary information in order to conduct ef#iciently the education for professionals, which aims to reduce the radiation exposure as to patients in addition to radiation professionals.
MATERIALS AND METHODS

Data collection
This study selected S Medical Center, S University Hospital and C University Hospital in Seoul and 5 hospitals including K University Hospital in other metropolitan cities and 10 hospitals including the National C Center and Jeju H Hospital in provinces. This study assigned a certain number of samples for each work function of radiation professionals as to the selected hospitals. Then, this study conducted a survey using convenience sample. The survey was conducted based on a self-reported method for 420 subjects from September 22 to October 24, 2014. The collected questionnaires were analyzed using IBM SPSS ver. 21.
Measurement
The research tool used in this study is a structured questionnaire that modi#ied and complemented the questionnaires from the previous studies (18) (19) (20) (21) . More speci#ically, it is consisted of three parts. The #irst part was about the demographic characteristics with 10 questions on gender, education level, etc. The second part was about the basic knowledge with 15 questions. The third part was about the perceptions and actions with 10 questions each (table 1). As for the radiation-related knowledge, the subjects were instructed to answer "Yes" or "No" so that they would have less pressure in providing an answer. As for the perceptions and actions related to safety management, they were instructed to answer using a #ive point Likert scale.
Contents of statistical analysis
As for the radiation knowledge, it was graded based on a total of 15 points with one point for each question. As for the safety management perception and action, "Very likely" was given one point, whereas "Very unlikely" was given 5 points. However, Question 6 for safety management action ("I store the gown with personal dosimeter in the work storage space") was reversely coded in the process of analysis. The speci#ic statistical analysis is as following. First, this study conducted a descriptive statistical analysis, a two-sample independent t-test and a one-way analysis of variance as to the knowledge level for the demographic items. Second, this study examined the correlation analysis between radiation knowledge and action. Third, this study conducted an in-depth analysis of 'perception-action' by application of I -P analysis (importance-performance analysis) (22, 23) from the marketing perspective. In the above statistical signi#icant tests, we used 5% signi#icant level.
Importance-performance analysis
The I-P analysis (importance-performance analysis) is an evaluation technique to analyze relative importance and achievement of each property simultaneously by evaluating the importance before the use of each property and the degree of satisfaction after use of each property in order to measure the satisfaction of users as to the products and services from the perspective of marketing (24) . I-P analysis can present problems clearly and it has a high degree of practical utility by facilitating the interpretations of outcomes through evaluating the expectation and satisfaction simultaneously. The speci#ic objectives of the I-P analysis are to evaluate the user satisfaction by determining how important the properties or characteristics of a particular product are to users and set the relative importance as to each feature and the degree of utilization at the supplier end as to each feature (25) . During the interpretation process, the fourth quadrant has a high degree of importance. However, the satisfaction degree thereof is low. Thus, it is an area requiring intensive management. The third quadrant has a high degree of importance and satisfaction. Thus, it is required to have a strategy of maintaining it consistently. The second quadrant has a low degree of both importance and satisfaction. Thus, it can be given lower priority in terms of management. The #irst quadrant has a low degree of importance; however, it has a high degree of satisfaction. Thus, it is required to have a strategy of removing or improving unnecessary excessive management (#igure 1).
This study aims to examine the safety management in accordance with the three radiation related work functions, work experiences and education completion by conducting 'perception-action' (P-A) analysis.
RESULTS AND DISCUSSION
Extent of radiation knowledge according to demographic characteristics
The results of this study were partially consistent with the results of the previous studies. On that account, caution is required when generalizing the results of this study. However, this study has great signi#icance since it contributes to the provision of preliminary information in order to conduct education ef#iciently for professionals, which aims to reduce the radiation exposure as to patients in addition to radiation professionals. First, the mean of men was signi#icantly higher than the mean of women in relation to the radiation knowledge. As for the age group, the 20s had the highest level of radiation knowledge. Although it was not statistically signi#icant (5% signi#icant level), the extent of knowledge was lower among the older age groups. This indicates that people tend to have less radiation-related knowledge as they get older. Thus, it will be necessary to provide additional education to the older age groups. Next, there was no statistically signi#icant difference in terms of marital status and education level (5% signi#icant level). These #indings were not consistent with the #indings of previous studies that focused only on the speci#ic region (15, 16) . The regional distribution of study subjects used in this study is wider than the previous studies. Also, the question about the knowledge level was different from the one of the previous studies ( table 2) .
Extent of radiation knowledge according to work characteristics and work functions
As for the knowledge level in relation to radiation according to the work experience, it was lower for longer years of work experience. Thus, it had a similar result to the age. However, there was no statistically signi#icant difference (5% signi#icant level). As for the number of times they received the education on radiation safety management, the knowledge level would generally increase with more education they received even though the difference was not statistically signi#icant (5% signi#icant level). The #inding hereof was consistent with that of the previous study (15) . Thus, it is necessary to provide regular education programs on safety management to professionals not only for the health of those professionals but also for the health of patients. The knowledge level of radiation professionals working at the large-sized hospitals with more than 1,000 sickbeds was slightly higher; however, the difference was not statistically signi#icant (5% signi#icant level). However, there was a statistically signi#icant difference at the signi#icant level of 5 percent in relation to the department and hospital location. In particular, department of nuclear medicine had the highest value, followed by the department of radiation oncology and department of radiology. As for the hospital location, Gyeonggi region including Incheon had the lowest score with 8.69 points, whereas the provincial hospitals in Busan, Chungcheong region, Jella region, Jeju region, etc. had 9.28 points and Seoul had the highest score with 9.52 points (table 3).
Extent of safety management practice according to demographic characteristics
This study examined the extent of safety management practice based on the sum of the 10 questions. "Very likely" was given 1 point. Thus, a lower sum indicates a higher extent of practice. This study found a statistically Int. J. Radiat. Res., Vol. 14 No. 1, January 2016 signi#icant difference in the gender and age group. The extent of safety management practice was higher among the men than the women. The 20s group had the lowest extent of safety management practice. Meanwhile, married professionals and those with graduate degrees were found to have a higher extent of safety management practice. However, the differences thereof were not statistically signi#icant (5% signi#icant level). These #indings were not consistent with the #indings of the previous studies (15, 19) . This is because the questions about the regional distribution and knowledge level of study subjects were different (table 4) .
Extent of radiation safety management practice according to work characteristics and work functions
As a result of verifying whether there was a difference in the extent of practice of safety management made up of the 10 questions in accordance with work characteristics and work functions, this study found a signi#icant difference in the number of times they received the education on radiation safety management, department, hospital size and hospital location. In particular, the degree of practice was generally increased as people received more education. Thus, it is required to continue providing safety management education for practice. In addition, this study found a high extent of safety management practice in large-sized hospitals and those located in Seoul. Lastly, as for the department, the department of nuclear medicine has the highest extent of practice, followed by the department of radiation oncology and department of radiology. Examining the aforementioned #indings in association with table 3, the extent of knowledge and safety management practice related to radiation is higher when they work in the department of nuclear medicine with a higher number of times they receive the education on safety management (table 5) .
Perception-action analysis
To examine whether there was a difference in the extent of consent and practice as to the radiation safety management, this study conducted the paired sample t-test as to each of the 10 questions. As a result, there was a statistically signi#icant difference at the signi#icant level of 5 percent as to all of the 10 questions. In addition, the perception showed a 
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lower score than the practice score. Thus, the study subjects could not conduct safety management as much as they perceived it. The mean score as to the perception and practice action for each question is as shown in table 6. The action with the least level of practice was "I handle the radiation measurement equipment well (Question 8)", "I have measured the dose of radiation control area by myself (Question 7)" and "I store the gown with personal dosimeter in work storage (Question 6)". In contrast, such questions as "I always put on personal dosimeter when working with radiation (Question 1)", "I immediately inform the safety manager when there is any abnormal event in the radiation workplace (Question 10)" and "I am well aware of the risk of radiation exposure and I have acted to reduce radiation exposure for patients and guardians (Question 4)" had a relatively small difference between perception and action. It can be concluded based on #igure 1 that all of Item 5, Item 6, Item 7 and Item 8, which are located in the second quadrant, have a low extent of perception and action; thus, they should be given lower priority. All of Item 1, Item 2, Item 3, Item 4 and Item 10, which are located in the third quadrant, have a high extent of perception and action; thus, they require continuing safety management (#igure 2).
Concluding remarks
This study has great signi#icance since it contributes to the provision of preliminary information in order to conduct ef#iciently the education for professionals, which aims to reduce the radiation exposure as to patients in addition to radiation professionals as a health professional.
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